Observations were conducted in the years 1999-2001 on the shrubs Pinus mugo Turra growing in the green areas of Lublin in two sites (street and park). The purpose of the studies was to establish the domination and frequency of aphids, their effect on the decorative character of shrubs and the occurrence of the aphidophagous arthropods in the aphid colonies inhabiting mountain pine. It was found out that Schizolachnus pineti F. was the dominating species in the street site (A), while Cinara pini L. dominated in the park site (B). The decorative character of shrubs was clearly lowered only by aphids S. pineti. Predatory arthropods occurred in aphid colonies inhabiting the shrubs P. mugo. Their population in both sites was low, that is why they probably had little influence on limiting the aphid population. Parasitic Hymenoptera of I and II degrees obtained from a culture of aphid mummies were more numerous in the street site.
INTRODUCTION
This paper is a continuation of studies on the fauna of aphids inhabiting the shrubs of mountain pine (Pinus mugo Turra) presented in Part I. The purpose of the present part (Part II) was to establish the domination and frequency of particular aphid species, to determine their effect on the decorative character of shrubs and the occurrence of predators and parasitoids in the aphid colonies.
MATERIAL AND METHODS
The area of studies and the methodology of observing the occurrence of aphids on the shrubs of Pinus mugo Turra in city conditions were discussed in detail in Part I. Besides, in order to establish the qualitative and quantitative relations of particular aphid species occurring on the examined shrubs, two ecological indexes were used, namely domination and frequency (constancy of occurrence) (G ó r n y and G r ü m , 1981; S z u j e c k i , 1980; T r o j a n , 1977).
The index of domination (D) termed as relative abundance (A r ) determines the percentage of specimens of a given species in the total number of aphids on the studied plant. The index of domination (D) was calculated according to the following formula:
where: n a number of individuals belonging to a given species in all samples, n number of individuals of a studied systematic group in all samples.
The following classes of domination were distinguished: Superdominants >60%
Subdominants 10-20% Eudominants 31-60% Recedents 1-9% Dominants 21-30% Subrecedents <1%
The index of frequency (F) shows the relation between the number of all samples where a given species occurred and the number of all samples taken from the studied plant. The constancy of occurrence (C), in other words the index of frequency (F) was calculated according to the following formula:
where: q number of trials when a given species was noted, Q number of all samples. Four classes of constancy (frequency) were distinguished: Class I (euconstants) 0.76-1 (76-100%) Class II (constants) 0.51-0.75 (51-75%) Class III (accessory species) 0.26-0.50 (26-50%) Class IV (accidents) £ 0.25 (£ 25%).
RESULTS

Fig
. 1 presents the percentage of particular aphid species inhabiting the shrubs of Pinus mugo Turra in both sites during the three years of studies. Tab. 1 shows the numbers, domination and frequency of particular aphid species; tab. 2 presents the number of aphid predators, while tab. 3 presents the number of parasitoids and hyperparasitoids. Schizolachnus pineti F. in site A occurred in all the studied years, while in site B the studies found out its presence only in the years 2000 and 2001. The percentage proportion of those aphids ranged from 0% to 82.92%, depending on the year of studies and the site (Fig. 1 ). In the case of aphids of this species there were also some differences in the structure of domination and frequency. In the years 1999 and 2000, in site A it was a superdominant, belonging to class I euconstant and class II constant, respectively. In 2001 it was a recedent included in class III of frequency accessory species. In 1999 this aphid did not appear in site B at all, while in the other years of studies it was a subrecedent and belonged to class IV of frequency accident (Tab. 1).
Pineus pini (Ratz.), especially Eulachnus rileyi (Will.) occurred on the shrubs Pinus mugo Turra only individually and not in each season, and the time of their visit on plants was short. Due to this, those species were included into subrecedents and in class IV of frequency accidents (Tab. 1). The percentage proportion of aphids E. rileyi ranged from 0% to 0.35%, depending on the year and site, while for aphids P. pini it was between 0% and 3.44% (Fig. 1) .
Signs of injuries (Photo 1) Aphids Cinara pini L. and Schizolachnus pineti F. most frequently inhabited the shrubs Pinus mugo Turra. Aphids C. pini inhabited mainly the top shoots of plants, creating colonies composed even of a few hundred individuals. Independently of the Photo 1. Injuries caused by aphids inhabiting shrubs of Pinus mugo Turra intensity of the colonies, the studies observed no visible injuries caused by the preying aphids. On the other hand, aphids S. pineti preyed on the needles of dwarf mountain pine causing their yellowing and even drying, which remarkably lowered the decorative value of those shrubs and limited their growth. The other two species of aphids Eulachnus rileyi (Will.) and Pineus pini (Ratz.), which were observed only in some years, preyed briefly and scarcely, that is why no clear damage was found out.
Aphidophagous species occurring in aphid colonies
Observations on the aphid fauna inhabiting the shrubs Pinus mugo Turra found out the presence of predatory arthropods in the aphid colonies, namely young and adult individuals of Araneida; larvae and adults of Dermaptera; adults of Coccinellidae; eggs and adults of Chrysopidae; larvae of Syrphidae (Tab. 2). The total number of all predators in both sites was comparable. Their relatively small number as compared to the considerable number of aphids probably did not have any considerable effect on the decrease of aphid population.
A culture of aphid mummies collected on the shrubs of mountain pine provided the flights of parasitic hymenoptera (Hymenoptera) of I and II degrees (Tab. 3). Only one species was included in the parasitoids of I degree, namely Pauesia picta Haliday from the family Aphidiidae (Photo 2). It attacked only aphids Cinara pini L. The hyperparasitoids included 5 species belonging to 3 families, namely Cynipidae, Pteromalidae and Magaspilidae. The most numerous was Pachyneuron aphidis Bouché from the family Pteromalidae, and its percentage proportion among the parasitoids of II degree was 45.5%. All the parasitic hymenoptera of II degree were obtained exclusively from parasitoid Pauesia picta Haliday, which attacked aphids C. pini.
DISCUSSION
Among four aphid species preying on mountain pine, Schizolachnus pineti F. was most numerous in the street site (A), while Cinara pini L. was most numerous in the park site (B.).
C. pini was observed on the examined shrubs each year. In site A it belonged to subdominants, dominants or superdominants depending on the year of studies, while in site B it was always a superdominant.
S. pineti occurred in site A in great number; in 1999 and 2000 it was included into superdominants, while in 2000 into recedents.
Scarce aphids P. pini occurred in both sites only in 2001, being more numerous in site A. On the other hand, singular specimens of E. rileyi were observed in sites A and B in 2000 and in site B in 2001.
The population of insects with a stinging-sucking mouth apparatus in the city street sites is increasing rapidly. C i c h o c k a and G o s z c z y ñ s k i (1991), J a oe k i ew i c z (2003) and W i l k a n i e c (1994) report that other aphid species on various decorative shrubs and trees have always been more numerous in the street sites. It was also observed that in those sites the rate of increase of the natural enemies is much slower than that of aphids (M i n o r a n s k i j and Wo j c i e c h o w s k i , 1988).
A small influence on the decrease of the aphid population was exerted by predatory arthropods due to their small numbers. Depending on the year of studies and the site, Coccinellidae occurred in greater numbers than other predators and their number on a shrub did not exceed 5 in a season. The most numerous species was Adalia bipunctata, which most readily preys on aphids inhabiting shrubs and trees (I p e r t i , 1965; P r u s z y ñ s k i and L i p a , 1970). Singular larvae of Syrphidae were most frequently observed in June and July, but not in each year of studies. Because of their small number, no effect on the decrease of the aphid population was noticed. Considerable effectiveness of those larvae in limiting the aphids is reported by D u š e k and L a š k a (1966) and W n u k (1999).
The decorative character of the shrubs of mountain pine was clearly lowered by S. pineti, which caused the yellowing of needles and even their drying and it contributed to smaller increases of the shoots. The harmfulness of this species is also pointed to by £ a b a n o w s k i and O r l i k o w s k i (1997). The other aphid species did not cause any visible injuries but they probably weakened the shrubs. On the other hand, £ a b a n o w s k i et al. (2001) found out that P. pini, which preyed on the bark of young shoots or at the base of needles, caused their breaking and premature falling.
Parasitic Hymenoptera of I and II degrees were obtained from the aphid mummies occurring on the shrubs of mountain pine. Parasitoids of I degree included only Pauesia picta Haliday, which attacked exclusively aphids C. pini. We r s t a k and Wi ¹ c k o w s k i (1998) found out that this hymenopterous parasitoid of aphids from the genus of Cinara on the trees of common pine (Pinus silvestris L.)
1. During the three years of studies, S. pineti was the dominating species in site A, while C. pini on site B. 2. Among the four aphid species inhabiting the shrubs of dwarf mountain pine, only S.
pineti remarkably decreased the decorative character of plants. Besides, it limited the growth of shoots. 3. The population of predator arthropods in both sites was low, that is why they had only a slight influence on limiting the aphid population. 4. Parasitic Hymenoptera of I and II degrees were more numerous in site A (street site) as compared to site B (park site).
Mszyce (Homoptera, Aphidodea) zasiedlaj¹ce krzewy Pinus mugo Turra na terenie zieleni miejskiej Lublina. Czêoeae II. Dominacja i frekwencja mszyc, ich wrogowie naturalni i powodowane przez mszyce uszkodzenia S t r e s z c z e n i e
Obserwacje by³y prowadzone w latach 1999-2001 na krzewach Pinus mugo Turra rosn¹cych na terenie zieleni miejskiej Lublina na dwóch stanowiskach (przyulicznym i parkowym). Celem badañ by³o ustalenie struktury dominacji i frekwencji mszyc, ich wp³ywu na dekoracyjnooeae krzewów oraz wystêpowanie afidofagów w koloniach mszyc zasiedlaj¹cych sosnê górsk¹. W wyniku przeprowadzonych badañ stwierdzono, ¿e na stanowisku przyulicznym (A) gatunkiem dominuj¹cym by³ S. pineti, a na stanowisku parkowym (B) C. pini. Dekoracyjnooeae badanych krzewów wyraŸnie obni¿a³y tylko mszyce S. pineti. W koloniach mszyc zasiedlaj¹cych krzewy P. mugo wystêpowa³y drapie¿ne stawonogi. Ich liczebnooeae na obydwu stanowiskach by³a niska, dlatego mia³y one prawdopodobnie niewielki wp³yw na ograniczenie populacji mszyc. Paso¿ytnicze b³onkówki I i II stopnia uzyskane w wyniku hodowli mumii mszyc liczniej wystêpowa³y na stanowisku przyulicznym.
